Background: Use of a competition stimuli (e.g., video) in clinical settings is a widespread practice, yet the effects of these stimuli on evoked potentials are not well understood.
INTRODUCTION

I
t is well known that a variety of the auditory electrophysiologic paradigms that are used in clinical and research applications utilize a ''competition stimulus'' (CS) during response acquisition. A CS is defined in the current study as a non-time-locked stimulus, typically visual (e.g., a video without sound) or audiovisual (e.g., a video with sound presented in the soundfield) that is presented during the acquisition of auditory evoked potentials (EPs). Its general purpose is to maintain subject vigilance and reduce subject fatigue during testing. The CS is distinguished from the evoking stimulus (ES), where the latter is the stimulus used to elicit the EP (e.g., a click). Generally, no specific instructions are given to the subject to attend to one of the stimuli (either the ES or the CS); the inherent assumption being that she or he will attend to the CS since it tends to be a more interesting stimulus that ''catches'' and holds the subject's attention.
In paradigms that make use of a CS, it is expected that the impact of this stimulus on the EP will be negligible. This is a desirable outcome since the researcher or the clinician is interested in knowing the result of the ES in its purest form, unaltered by any stimulus that is used to simply maintain vigilance. However, the results of a variety of research studies from several different disciplines suggest that this is not always the case. In fact, the available evidence as described below indicates that the CS may indeed alter the characteristics of the EP and that visual and/or task-irrelevant auditory information can activate auditory regions in the cortex and impact auditory EP indices.
Influence of Visual Stimulation on Auditory Processing
Research studies that have examined the impact of visual stimulation on auditory processing have shown an interaction between these two modalities. Some of this evidence arises from imaging studies that have been conducted in the normal hearing population. For instance, when subjects were asked to lip-read in the absence of acoustic signals, areas of the cortex known to be involved in auditory processing became highly activated, including both the lateral temporal auditory cortex (Calvert et al, 1997 ) and Heschl's gyrus (Calvert and Campbell, 2003; Pekkola et al, 2005) . Interestingly, these effects were noted whether the lip movements were dynamic or whether they were presented as still images (Calvert and Campbell, 2003) . Another group of researchers has shown that the more meaningful the visual image is, the greater the degree of activation within the auditory areas of the cortex (Pekkola et al, 2005) . Although these studies have shown that the meaning of the visual image is important, other studies have demonstrated that nonlinguistically meaningful visual stimuli are also able to activate auditory regions if they are first conditioned with an auditory stimulus. For example, Meyer et al (2007) showed that when subjects were presented a paired visual image and auditory stimulus over a series of trials, eventually the presentation of the visual stimulus alone was sufficient to activate certain regions of the auditory cortex, such as areas along the posterior Sylvian fissure. The converse of this effect has also been shown; that is, the presentation of an auditory stimulus that had been previously paired with a visual stimulus is sufficient to activate regions of the visual cortex following a conditioning paradigm (McIntosh et al, 1998) .
Evoked potential research in the normal hearing population has also demonstrated an influence of visual stimulation on the function of the central auditory system. Several research studies have shown that the presentation of a visual stimulus that has a meaningful correlate in the auditory domain (e.g., time-locked visual lip movements associated with the auditory production of consonant-vowel syllables) can have an effect on the auditory EPs recorded from the temporal lobe (Besle et al, 2004; Reale et al, 2007 ). This effect is generally represented as a difference between the bimodal response amplitude (simultaneous auditory and visual stimuli presentation) and the unimodal results (i.e., separate auditory or visual stimulus presentation) in the latency region of the N1-P2. This difference has been observed with both surface electrodes (Reale et al, 2007) and intracranial electrodes (Besle et al, 2004) , as well as for visual stimuli that lack linguistic meaning (Giard and Peronnet, 1999; Isog lu-Alkaç et al, 2007) .
Although this overlap across sensory modalities has been noted in the normal hearing population, the degree of this interaction has been shown most strikingly in the deaf population. Researchers have noted that, in the absence of stimulation in one sensory modality, cortical plasticity leads to a generalization of existing sensory functions to regions of the cortex that would not normally be associated with that modality. Strong evidence for this phenomenon comes from imaging studies. For instance, Neville et al (1998) , Petitto et al (2000) , and MacSweeney et al (2004) noted activation in the planum temporal bilaterally when deaf subjects who used manual forms of communication were exposed to sign language. Additionally, Finney et al (2001) , who obtained visual EPs in a deaf population using moving and nonmoving dot patterns, indicated that regions of the cortex that responded to music in the normal hearing population were activated in response to these visual stimuli in the deaf population. An analogous effect in both imaging and EP studies has been shown for the blind population, with regions of the cortex that are associated with visual processing being reorganized for auditory processing in these patients (Roder et al, 2000; Roder et al, 2002) .
It would appear evident from this imaging and electrophysiological evidence that the auditory system is susceptible to the influence of visual stimulation. Most of the available studies have characterized this effect as either (1) an increase in activation of auditory cortical areas when a meaningful or conditioned visual stimulus is presented, or (2) a change in the N1-P2 amplitude when a time-locked visual stimulus is utilized. Additionally, there is evidence that the function of auditory regions may be entirely reallocated to the visual modality following the long-term absence of auditory stimulation. These findings suggest a propensity for the neural systems underlying these two sensory systems to communicate and interact at the cortical level.
Influence of Task-Irrelevant Auditory Stimulation on Auditory Processing in the Normal Hearing Population
It has also been noted in the literature that addition of a task-irrelevant, non-time-locked auditory stimulus can alter the characteristics of auditory EPs. Since some CS utilize auditory information in addition to visual, it is of interest to consider the findings that have emerged from this line of research. Nakahara and Ikeda (1987) found that the auditory N1-P2 was smaller in amplitude when a competing story was presented through the sound field relative to size of the potential elicited in a no-competition condition. This effect was also noted when the CS was presented to the contralateral ear and not through the sound field (Cranford and Martin, 1991; Krumm and Cranford, 1994; Boose and Cranford, 1996; Hymel et al, 1998; Fisher et al, 2000; Hymel et al, 2000; Carpenter et al, 2001; Carpenter et al, 2002; De Chicchis et al, 2002; Cranford et al, 2004) . Additional research has examined the topography of this effect noting that other studies have focused primarily on Cz and the N1-P2 peak-to-peak amplitude alone. These studies have observed that there is a greater decrease in N1-P2 amplitude toward more anterior electrodes (Hymel et al, 1998) and that P2 but not N1 tends to decrease in amplitude when a contralateral message is presented (Fisher et al, 2000; Hymel et al, 2000) .
An important issue addressed by some researchers is that a difference may exist between competition and distraction effects on the EPs being recorded. defined the difference between these two terms, noting that competition refers to a stimulus that interferes with the perception of the ES at the central level, whereas distraction represents a reduction in the subject's ability to moderate attention toward the ES. These authors argued that the neural processes underlying the processing of the auditory stimuli may be different in both scenarios, and as such, the electrophysiological findings may also differ. To test this theory, the researchers obtained EPs from subjects under three conditions: (1) with a single oddball sequence presented monaurally; (2) with two oddball sequences alternating between ears in which attention was given only to one ear and responses to the frequent tones were averaged for that attended ear; and (3) with a protocol similar to condition #2 with the exception that only frequent tones in the unattended ear were averaged. The rationale behind this design was that comparing EPs obtained in the monotic condition to those obtained in conditions #2 or #3 would yield a measure of competition, since only in the former condition is there no competing contralateral stimulus. Alternatively, a measure of attention could be obtained by comparing condition #2 to condition #3, since responses to frequent stimuli would reflect attention effects only in condition #2. Results indicated that the two paradigms yielded different results: an effect of competition was noted in P2 only, where the amplitude decreased with the introduction of competition, and an effect of attention was noted in N1 only, where the amplitude increased with increased attention. Later studies would both challenge and support some of the trends witnessed in these results. For instance, Carpenter et al (2001) noted that N1 as well as P2 decreased with competition, whereas other studies supported the competition and/or attention effects reported by Hymel and colleagues (Carpenter et al, 2002; De Chicchis et al, 2002) . Collectively, these findings would seem to suggest that attending to the ES enhances the amplitude of the response and that a competing stimulus may negatively affect this enhancement through reducing the attention directed to the ES.
In summary, the literature that has investigated the effects of competition stimuli on the late auditory EPs indicates that a contralateral stimulus can impact N1-P2 peak-to-peak amplitude, as well as the N1 and P2 amplitudes when measured from baseline. If subjects attend to the ES, there appears to be an enhancement of the potential. If, on the other hand, attention is not fully directed to the ES due to the presence of a taskirrelevant auditory stimulus, there appears to be a decrease in the enhancement. It would be expected based on these findings, therefore, that an acoustic CS applied in a clinical or research protocol used to assess auditory EPs is likely to alter the characteristics of the EP.
Auditory N1-P2
Both the location of the neural generators of the auditory N1-P2 and the susceptibility of this potential to attention suggests that a CS could alter the characteristics of this response. The auditory N1-P2 is known to originate from the cortical regions of the central auditory pathway. These areas of the cortex have also been shown to overlap with visual regions as noted above. For instance, N1 has been reported to arise from the superior aspect of the temporal lobe extending beyond the primary auditory cortex in Heschl's gyrus (Naatanen and Picton, 1987) , and may reflect as many as six different neural generators, including the auditory cortices in both hemispheres (Eggermont and Ponton, 2003) . P2 has been reported to arise from the Sylvian fissure (Vaughn and Ritter, 1970) and more directly from the primary auditory cortex (Eggermont and Ponton, 2003) . It has been noted that N1 and/or P2 may arise from generator sites that respond to multiple modalities (Naatanen and Picton, 1987; Velasco et al, 1989) . Finally, evidence has shown that the N1-P2 is also generated or modulated by brain structures known to mediate attention (Hyde, 1997) . For instance, Velasco et al (1989) and Eggermont and Ponton (2003) have documented generator locations for the auditory late potentials in the reticular formation, a neural structure that plays an important role in maintaining attention.
Present Study
The were three purposes of the present study. First, given that both visual stimuli and task-irrelevant auditory stimuli can alter processing within the auditory cortex and thus impact the auditory EPs that are generated, it is important to more fully examine the effects of a CS on auditory EPs that are used for clinical and research applications. An exhaustive review of the literature revealed only two studies that had examined a CS in a non-time-locked situation (McArthur et al, 2003; Lavoie et al, 2008) . These studies, however, did not include the conditions necessary to separate out the effects of a visual and/ or audiovisual CS relative to a baseline control. Therefore, to test the applicability of this methodology for clinical and research purposes, the auditory N1-P2 was derived with and without a visual CS or an audiovisual CS in normal hearing individuals to determine the effects on the CS on the late auditory potential. The CS in this study was applied in such as a way as to induce the competition, but not the distraction, effects noted by Hymel et al (2000) . The N1-P2 was selected in the present study because of indications that its neural generators are more likely to overlap with areas activated by visual stimuli and the finding that it is susceptible to attention.
The second purpose was to determine if the effect of the CS varied by the presentation level of the ES. From a clinical perspective, where the effects of presentation levels are highly relevant, it was of interest to determine whether different ES levels were differentially affected by the CS. For this purpose, the present study presented the ES at two different presentation levels (35 and 65 dBnHL) in each of the three competition conditions outlined above (i.e., no competition, a visual CS, and an audiovisual CS).
Finally, an attempt was made to quantify the robustness of any effects witnessed. This was accomplished through within-and between-session testretest of EP indices. Given the utility that a CS provides in the clinic, we felt it important to be able to comment on the extent and reliability of its influence, so that clinicians and researchers could weigh the relative pros and cons of including a CS in their protocols.
METHODS
Subjects
All protocols in the present study were approved by the University of Connecticut Institutional Review Board. Seventeen normal hearing female subjects were included in the present study (age: mean 5 21.3 years, SD 5 1.38).
1 All subjects were paid at the rate of $10 per hour. To qualify as having normal hearing, subjects had to exhibit pure-tone air conduction thresholds equal to or better than 20 dB HL for the octave frequencies between 250 and 8000 Hz in both ears. All thresholds were obtained using the modified Hughson-Westlake method (Carhart and Jerger, 1959) . In addition, subjects had to have distortion product otoacoustic emissions that fell above the Dartmouth-Hitchcock Medical Center normative absolute amplitude values bilaterally (Musiek and Baran, 1997) , and demonstrate a +9 signal-to-noise ratio at no fewer than 5 of the 6 samples obtained between 1187 and 3812 Hz in each ear. All subjects denied any history of neurological involvement and learning disabilities.
Equipment
Testing took place in a double walled IAC sound treated booth. The N1-P2 responses were recorded using a Nicolet Biomedical Spirit 2000 EP unit. For 16 of the 17 subjects, electrodes were placed at Cz, C3, and C4 and referenced to A1 for left ear stimulation and A2 for right ear stimulation. For the remaining subject, responses were only recorded from Cz. Since only the Cz data are reported in the present study, this difference was of no consequence. The ground electrode was located at the forehead, and an electrode for monitoring eye blinks was placed at the left outer canthus. Impedance was maintained at less than 8 kV for each individual electrode with no more than a 3 kV difference between electrodes. The time window was 350 msec, and the recording sensitivity was 100 microvolts. A 1-30 Hz analog filter with a 12 dB per octave roll-off was applied online. An artifact rejection filter was also utilized, and eliminated all trials in which the amplitude exceeded 90% of 100 microvolts.
A Sony Vaio PCG-881R laptop was used in the visual and audiovisual CS conditions. The laptop had a 15 in LCD display and was connected to a grounded power source at all times. The audio output of the laptop was routed to a GSI 61 audiometer, which presented the audio signal in the sound field through a speaker located at 0 degrees azimuth relative to the subject's head. Subjects sat approximately 50.5 in from the laptop and speaker. The laptop was positioned on a stand at eye level just below the speaker so that it would not obstruct the speaker's receiver. The subject's head position was monitored visually by the experimenter during the study to ensure that no large deviations from midline occurred. Although this method did not control for subtle variations in head position, any potential variance contributed by these movements is considered part of the random error variance.
Stimulus
The evoking stimulus was a 100 microsecond click presented monaurally at 35 dBnHL and 65 dBnHL. Each subject had the stimulus presented to either the left or right ear, and this test ear was counterbalanced across subjects. Clicks were presented at a rate of 1.1/ sec, and a total of 100 accepted trials were collected for each response. The CS was a 50 min nature documentary presented by DVD. This particular type of television show was selected because it was expected to have a relatively stable long-term sound-level output. Additionally, it was not expected that the show would have frequent and/or sudden increases in output since the audio was comprised mostly of narration and lowlevel environmental sounds. Prior to beginning subject recruitment, the audio output of the CS DVD was recording in the sound field with a Quest Technologies Model 1700 sound-level meter. The sound-level measurements were taken in the sound booth with the sound-level meter positioned 50.5 in from the speaker. The sound-level meter settings for these recordings included: dBA weighting, 20-80 dB response range, and fast sampling mode. Level measurements were made at 1 min intervals for the entirety of the DVD duration (see Figure 1 ). The mean level was 43 dB SPL with a standard deviation of 4.78 dB.
Procedure
Six conditions were included in the present study, which varied by level of the stimulus (i.e., 35 or 65 dBnHL) and type of CS employed (i.e., no competition, visual competition only, or audiovisual competition). In the no-competition condition (N), the laptop remained on but the audiometer output was disabled, the DVD was paused, and the laptop screen folded down. In the visual-only condition (V), the laptop screen was maintained in a comfortable viewing position and the DVD started, but the audio remained off. In the audiovisual condition (A), the laptop screen was visible, the DVD started, and the audio output from the speaker was enabled. The combination of these two factors (presentation level and competition condition) yielded the following six conditions: N35, V35, A35, N65, V65, and A65, where the letter corresponds to the competition condition, and the number corresponds to the level of the stimulus. These conditions were counterbalanced across subjects in an attempt to address potential confounds with attentional state. Although this does not provide as careful a control as monitoring the raw EEG, we believe that randomizing condition order sufficiently rules out any systematic effect of attention in an experiment of this type. An example waveform from one subject is shown in Figure 2 .
Subjects were instructed to keep their eyes open and stay awake during testing. In competition conditions, they were also encouraged to play close attention to the CS. Following each of the CS conditions, subjects were asked a series of questions to determine if they had attended to the competing stimulus. These questions covered general information about the visual or auditory competition, as appropriate to the CS condition. Each subject was asked eight questions per condition and could get no more than two of these eight questions wrong to be included in the study. This further ensured that attention was maintained during the competition conditions.
In addition to the conditions described above, two additional tracings were obtained for reliability purposes. First, 14 of the 17 subjects were run in the N65 condition a second time following completion of the initial six conditions for purposes of establishing an index of withinsession variation of the N1-P2 potential. Finally, four subjects returned to participate in the exact same protocol on a different date. This was done to determine between-session variation in the electrophysiological responses noted and to establish a measure of replicability of any trends that were witnessed in the data. 
Effects of Competition on N1-P2/Weihing et al
In each of the test conditions described above, two waveforms were acquired and then averaged together for subsequent measurement and analysis. For purposes of the present study, three measurements were derived. These included (1) the N1-P2 amplitude, which was recorded as the voltage difference from the N1 trough to the P2 peak; (2) N1 latency, which was defined as the negative-most value that occurred between 60 and 170 msec; and (3) P2 latency, which was defined as the positive-most value that occurred between 115 and 290 msec. In cases were bifid waves were encountered, the most negative or positive value was still selected for the N1 or P2 respectively.
Overview of Analysis
A brief overview of the results section is provided to give the reader a preliminary perspective on how research questions were addressed. The results are presented in three parts. In the first, effects of stimulus amplitude and CS on N1-P2 peak-to-peak amplitude and N1 and P2 latency were examined with separate repeated measures ANOVA, each utilizing a .05 alpha level. Post hoc Tukey's least squared difference (LSD) tests used a Bonferroni adjusted alpha level that was dependant on the number of post hoc tests conducted. Second, a series of analyses addressed whether the amplitude effects of competition were significantly different from what would be expected by normal N1-P2 within-session and between-session variation. For within-session differences, multiple acquisitions of N65 (i.e., |N65 time 1 2 N65 time 2|, or the margin of error) were compared to differences between N65 and competition conditions (i.e., |N65 time 1 2 V65| and |N65 time 1 2 AV65|, or magnitude of competition). Two paired samples ttests, each using a .05 alpha level, were computed, which compared the margin of the error to each of the magnitude of competition variables. For betweensession differences, correlation analyses were conducted for N1-P2 indices in session 1 versus session 2 in order to determine how robust effects were over a several-day period. Third, since some conditions demonstrated poor waveform morphology, two researchers rated each waveform in the study as having well-defined or poor morphology. This yielded an estimate of how often these waveforms occurred and if they covaried with conditions used in the study.
RESULTS
Amplitude
Descriptive statistics for N1-P2 amplitude are presented in Table 1 and Figure 3 . A repeated measures ANOVA with factors level (i.e., 35 and 65 nHL) and competition (i.e., N, V, A) was conducted using Huynh-Feldt adjusted degrees of freedom. This adjustment was performed to control for potential violations of the sphericity assumption (Max and Onghena, 1999) . Results indicated a significant main effect of level (F(1,16) 5 26.67, p , .001) and of competition (F(1.55, 24.86) 5 11.06, p , .002) and an interaction that did not reach significance (F(1.94, 31.01) 5 0.57, p 5 .58). For level, amplitude was larger for the more intense presentation level. For competition, post-hoc Tukey's LSD tests with adjusted alpha levels indicated that the N and V conditions differed significantly from the A condition (p , .002 and p , .004, respectively) but that the N condition did not differ significantly from the V condition (p 5 .035). The mean amplitude values for N and V were approximately 1 to 2 microvolts larger than for the A condition. It should be noted that if alpha values are not adjusted to address the possibility of a type I statistical error, then N and V do differ significantly.
Latency
Descriptive statistics for N1 and P2 latency are presented in Tables 2 and 3, 
Within-Session Variation and Its Impact on Amplitude Differences
In order to quantify within-subject variation in the N1 and P2 potentials, the N65 condition was conducted twice in the first session for 14 of the 17 subjects. The second of these was considered a retest condition. Amplitude and latency values were obtained for both of these waveforms, yielding two sets of measurements for the N65 condition for each subject. The degree to which both sets were correlated with one another was used as an indicator of within-session reliability. Scatterplots depicting the distribution of the testretest measures for the three indices (one amplitude and two latency measures) are shown in Figure 4 . Note that all three indices have been converted to z-scores so that they can be displayed on the same graph. Correlations for N1-P2 amplitude (r 5.89, p , .001), N1 latency (r 5.86, p , .001), and P2 latency (r 5.67, p , .008) were significant after alpha levels were adjusted for the number of tests conducted.
Although these results indicate good within-session reliability, there existed some variation between the two sets of measurements. It was of interest to determine whether the amplitude differences noted between the N65 and A65 conditions and the N65 and V65 conditions were greater than the margin of error established by the N65 test-retest comparison. To this end, three new variables were created: one that expressed the absolute value of the difference between N65-test and N65-retest comparison (i.e., margin of error), a second that represented the difference between the N65 and A65 conditions, and a third that represented the difference between the N65 and the V65 conditions. Paired t-tests were conducted to compare these variables. Results indicated a significant effect for the comparison between the first two variables listed above (t(13) 5 3.03, p , .02), with the difference in the mean amplitude measure from the N65 and A65 conditions exceeding the margin of error by about 1 microvolt. This finding indicates that the N65 -A65 difference was greater than that expected by test-retest. The second comparison, which examined the magnitude of the difference between the margin of error and the N65 and V65 difference, was not found to be significant. (t(13) 5 1.14, p 5 .27). It should be noted, however, that when results were examined by individual subjects, 8 of the 14 subjects (or 57%) did show a numeric difference between the N65 and V65 conditions that was greater than the margin of error established by the test-retest comparison. This finding suggests that a subset of the sample may have been negatively influenced by the visual competition alone even though this difference was not shown statistically in a comparison of mean values. Effects of Competition on N1-P2/Weihing et al
Between-Session Variation
Test-retest variability was also examined between sessions for a subset of four subjects. These four subjects participated in the identical experimental protocol on two different dates, yielding two sets of amplitude and latency measurements. A quantitative description of these data was obtained by correlating indices across the sessions. These results are displayed as effect sizes (i.e., r 2 values) in Table 4 . Pearson r values were not reported because the small sample size limited statistical tests of inference. Effect sizes for most of the amplitude values were in the moderate to strong range. This suggests that a high degree of repeatability existed for many of the amplitude measures derived. On the other hand, the latency indices did not replicate as well, as was demonstrated by numerous small effect sizes. It would appear that this index may be a less reliable indicator as applied in this protocol.
Inter-rater Reliability
Although the majority of waveforms acquired in the present study demonstrated good morphology, some of the more demanding conditions of this protocol (e.g., A35) would sometimes yield less than optimal waveforms. To quantify the frequency of this occurrence, two researchers trained in electrophysiology examined the waveforms for each subject in each of the six level/ competition conditions and rated the derived waveforms as having good or poor morphology. Poor morphology was defined as the absence of a repeatable N1-P2. Additionally, the number of times the raters disagreed on a waveform was counted. Table 5 displays these results by experimental condition. Results indicated that of 102 waveforms(i.e., 17 waveforms per condition multiplied by six conditions), seven of the waveforms were found to have poor morphology by at least one rater. A significant chi-square value was not noted when the data in this table was subjected to statistical testing (chi square (5) 5 6.39, p 5 .279). Additionally, the raters disagreed on judgments for 3 of 102 of the waveforms. Again, there was no statistically significant trend in this comparison (chi square (5) 5 7.26, p 5 .20). Table 6 displays these same results divided by subject instead of condition. Although overall conclusions generally do not change from those reported in Table 5 , Table 6 does show that these poor waveforms did tend to be distributed relatively evenly across subjects, and no particular subject had an unusually high occurrence of poor waveform morphology. A chisquare test conducted for the first and second rows of this table also failed to show significance (chi square (13) 5 12.00, p 5 .53; chi square (13) 5 11.41, p 5 .58, respectively), indicating no relationship between waveform morphology/discrepancy and subject as judged by the raters.
DISCUSSION
T he present study examined the effect of a visual and audiovisual CS on the late auditory EP, N1-P2. For N1-P2 amplitude, a decrease of approximately 1.5 microvolts was noted in the presence of an audiovisual CS when compared to the amplitude measures obtained in the no competition condition. Additionally, this observed difference was greater than what would have been predicted by normal test-retest within-session variance. Comparisons involving the visual CS condition were slightly more ambiguous. If examined statistically, then a significant difference of about .5 microvolts was only noted between the visual condition and the no-competition condition if a Bonferroni adjustment was not performed. The mean decrease in the visual condition also did not exceed what would have been expected based on withinsession variance. However, when examined at the individual case level, 8 of the 14 subjects, or 57% of the sample, showed a decrease in amplitude in the visual condition that was greater than what would be expected by normal test-retest variation. This suggests that, though not all subjects were impacted by this condition, there was a subset of the population that was negatively affected by the presence of visual competition. For N1 and P2 latency, no effect of CS was observed. This may be in part due to the large between-subject variation in these values. This variability may indicate the robustness of amplitude over latency measures in utilizing N1-P2 indices.
The effect of level, 35 versus 65 dBnHL, and interaction between level and CS were also examined in the present study. For N1-P2 amplitude, there was a main effect of level where amplitude decreased with decreasing presentation level. There was, however, no interaction between level and CS, indicating that competition effects remained consistent at both intensity levels. For N1 and P2 latency, there was no effect of level or interaction between level and CS, indicating that latency indices were statistically similar regardless of the separate or combined influences of level and CS.
Previous Literature-Non-Time-Locked Auditory Competition Stimuli
The observation that an audiovisual CS has an effect on an auditory EP has been seen in previous studies (Nakahara and Ikeda, 1987; Cranford and Martin, 1991; Boose and Cranford, 1996; Hymel et al, 1998; Fischer et al, 2000; McArthur et al, 2003; Lavoie et al, 2008) . The present results can be compared most directly to those of McArthur et al (2003) and Lavoie et al (2008) as these researchers included protocols that were very similar to that used in the current study. McArthur et al noted a decrease in P2 amplitude when an audiovisual CS was presented relative to the amplitude measures noted when visual CS condition was utilized. However, since there was no baseline condition, in which a CS was absent entirely, the independent contribution of visual competition could not be assessed. Additionally, these authors used a diotic stimulus during diotic ES instead of the more traditional monotic presentation. The present study would seem to suggest that a visual CS alone is not a suitable control since visual competition does appear to impact N1-P2 amplitude in a majority of subjects. Lavoie et al recorded the N1-P2 in a variety of ''distracting'' tasks, although those most relevant to the present investigation was the comparison between their no-distraction and visual-distraction conditions. Their protocol differs from the present study in obvious ways: the present research employed a visual and audiovisual CS where the visual CS did not require reading, whereas Lavoie et al used a visual CS only, and this task required reading subtitles. Despite these differences, some cross-study comparisons can still be made, notably that, similar to Lavoie and colleagues, the present study found that there may be no significant effect of adding a visual CS when examining mean trends.
Additional studies have also utilized a non-timelocked auditory CS. These differed from the present study in that they applied an auditory CS only, whereas the present study utilized an auditory CS in the presence of a simultaneous visual CS. These differences across studies are not so great, however, that they prevent comparison. A number of researchers acquired the N1-P2 using tonal stimuli and contralateral speech competition, reporting results that were consistent with the present findings. Nakahara and Ikeda (1987) noted a decrement of 67% in N1-P2 amplitude in the presence of competition. Similarly, Cranford and Martin (1991) showed a decrease in N1-P2 amplitude under competition conditions; however, only a 10% decrease in amplitude was seen. Although specific percentages were not reported, these decrement trends were later confirmed by additional studies (Boose and Cranford, 1996; Hymel et al, 1998; Fischer et al, 2000) . The present investigation noted a decrement of 30%, which falls between the values cited by previous studies (Nakahara and Ikeda, 1987; Cranford and Martin, 1991) .
A second category of research that has examined CS effects, in which competition is elicited by competing oddball paradigms, was initially reported by Cranford and colleagues (see the introductory section above). These researchers employed an oddball paradigm to tonal/speech stimuli binaurally (e.g., different sequence in each ear where stimulus presentation did not overlap interaurally) and monaurally. Of particular interest here were the comparisons between binaural and monaural conditions, since these yield a measure of performance with and without contralateral auditory competition. Looking at results for these conditions, it was noted that P2 only decreased in the presence of competition Carpenter et al, 2002; Cranford et al, 2004) or that both N1 and P2 decreased in the presence of competition (Carpenter et al, 2001; De Chicchis et al, 2002) . These findings are consistent with the decrement noted in N1-P2 amplitude in the present study.
Role of Attention
It is well known that attention effects are evident in some measures that are utilized in audiologic practice (Hillyard et al, 1973; Naatanen et al, 1978; James et al, 1989; Asbjornsen and Hugdahl, 1995; Asbjornsen and Bryden, 1996; Hugdahl et al, 2001; Voyer and Flight, 2001; Coch et al, 2005) . These effects have been shown in behavioral dichotic paradigms, where a different auditory signal is being presented to each ear. For instance, Asbjornsen and Hugdahl (1995) noticed that when subjects were instructed to focus their attention toward a specific ear, performance in the attended ear exceeded that of the non-attended ear. Additional research has supported this finding (Asbjornsen and Bryden, 1996; Hugdahl et al, 2001; Voyer and Flight, 2001) . These effects of attention in dichotic paradigms have also been documented electrophysiologically as an alteration of N1 or P2 morphology. For instance, in two classic studies, Hillyard et al (1973) and Naatanen et al (1978) both demonstrated that the N1 showed increased amplitude when attention was diverted to a stimulus. These findings have been supported by more current research as well (James et al, 1989; Coch et al, 2005) . One explanation for this sensory phenomenon was provided by Hillyard et al (1998) , who suggested a ''gain theory'' of attention. According to this theory, attending to a stimulus could enhance the corresponding electrophysiological waveform indices relative to those noted in a waveform that was derived using an unattended stimulus simply by modifying the sensory analysis component of the response.
The paradigm in the present study was not entirely dissimilar to that employed in traditional dichotic studies. For example, in the audiovisual competition condition, attention was directed away from the ear stimulated with the ES toward a CS in the contralateral ear. This can be thought of as a dichotic paradigm in which attention to the evoking sound source is decreased because attention is directed to another source. Based on the previous research cited, it would not be unreasonable to expect that the decrease in N1-P2 amplitude observed in the present study was a result of attention being directed away from the ES and toward the CS. Although the validity of Hillyard's gain theory has been questioned (Naatanen et al, 1978) , it may be helpful to view the effects in the present study as reflecting this gain mechanism in reverse. In other words, instead of observing an increase in amplitude when attention was directed to a stimulus, a decrease in amplitude was noted when attention was directed away.
Additional Mechanisms
In addition to attention, there are several other mechanisms that may account for the competition effects seen in the present study. First, for both the visual and audiovisual competition conditions, a reduction in amplitude could have occurred because the EP was acquired in the presence of a second nontime-locked stimulus (i.e., a CS). A stimulus that is not time locked with the averager yet can evoke a neuroelectric response would be expected to contribute noise to the overall recording and as such has the ability to alter waveform characteristics. Second, the effect seen in these conditions may reflect a ''line-busy'' effect similar to one that was reviewed by Stevens and Davis (1938) . These authors noted that when a nerve fiber has been stimulated, stimulating it a second time will be physiologically ineffective if it occurs within the refractory period of that fiber. For the current study, this would suggest that since the CS is a source of stimulation in the central nervous system, nerve fibers that are occupied with this stimulation would be unavailable to respond to the ES. A decrease in EP amplitude under these conditions would appear to be an anticipated consequence.
The N1-P2 amplitude reduction seen in the audiovisual CS condition does not appear to be explained by the unique contributions of either a visual or auditory CS alone. In regard to the visual competition, it is apparent that since the effects of the audiovisual CS were greater than those of the visual CS, the addition of auditory competition yielded a greater impact on EP amplitude than visual competition alone. In regard to auditory competition, the situation is slightly less clear since the present study addressed a specific clinical protocol that did not include an auditory-only condition. However, a comparison of the present findings to past studies reveals that the amplitude decrement seen in the audiovisual condition in the present study (i.e., 30%) is generally greater than the decrement reported in studies that used only auditory competition. Specifically, these studies have reported 7% (Hymel et al, 1998) , 15% (Cranford and Martin, 1991) , and 23% decrements (Krumm and Cranford, 1994) in the amplitude of the N1-P2 when an auditory CS was introduced. The only study that deviated from this trend was that of Nakahara and Ikeda (1987) , where a substantial decrease in amplitude was noted with auditory competition (i.e., 67%). However, the larger effect noted in Nakahara and Ikeda's study may be a result of much larger on-line filters. Overall, then, it can be speculated that an interaction of auditory and visual competition may yield decrements greater than the sum or interaction of either competitor alone.
There is a final consideration regarding the effects seen in the audiovisual competition condition that should be addressed. This consideration is the role the CS played in the ear that received the click (i.e., stimulus ear). Since the CS was presented in the sound field, it is possible that the stimulus ear was exposed to a portion of this signal as well. If this occurred, it could lead to peripheral masking at the stimulus ear. There are several reasons to expect, however, that this was not the case. First, an occluding insert earphone was inserted in the stimulus ear for this study. The attenuation provided by this earphone and the relatively low presentation levels of the CS (35 and 65 dBnHL) would suggest that the intensity of the CS reaching the external auditory meatus of the stimulus ear would be negligible. This was confirmed with a real ear measurement on a single subject, which showed that the insert yielded 25 dB of attenuation at 500 Hz, 30 dB at 1000 Hz, 35 dB at 2000 Hz, and 40 dB at 4000 Hz. Second, no interaction was observed between the level and competition conditions in the present study. If there was an effect of the CS at the stimulus ear, one would likely have seen that the competition effects increased with decreasing ES levels since the signal-to-noise ratio in the stimulus ear would become poorer at lower ES levels.
Role of Stimulus Meaning
In the present study, the CS was a video presented with or without an audio signal to the subject in four test conditions. The visual and auditory messages presented to the subjects were always meaningful, in that the auditory information was language or a sound that made sense in the context of the video, and the visual information was part of a meaningful presentation of a documentary. There is some indication to suggest that when CS vary in terms of the extent of their ''meaningfulness'' that behavioral results also tend to vary. For instance, Garstecki and Mulac (1974) noted that, with meaningful auditory competition, competing signals that were more meaningful yielded greater decrements in performance. Similarly, Sperry et al (1997) obtained word recognition performance scores in the presence of speech babble, which was semantically meaningful, and also in the presence of reversed speech babble, which did not have meaning. Results indicated that performance was significantly poorer when the competition had meaning. Therefore, to the extent that the semantic content of the CS used in the present study makes it unique, the current findings may only apply to situations in which meaningful CS are utilized.
Within-Subject Variation in the N1-P2
Given that there is some within-subject variability inherent to EPs, it was of interest to determine the test-retest robustness of the effects witnessed in the present study. To this end, a subset of subjects participated in the N65 condition twice in one session (i.e., within-session variance) and/or returned on a separate day to participate in the entire protocol a second time (i.e., across-session variance). Across all subjects, the N1-P2 peak-to-peak amplitude, N1 latency, and P2 latency all showed good within-session reliability in the N65 condition as indicated by significant correlation values. Of these correlations, the strongest relationship was shown for the amplitude measure. For between-session reliability, effect sizes showed that the amplitude values tended to replicate well across the different conditions, but latency values showed poorer reliability.
The within-and between-session variance findings in the present study are generally consistent with those reported in the literature. Segalowitz and Barnes (1993) reported weaker within-session correlations for N1-P2 amplitude than for latency. Conversely, Kinoshita et al (1996) reported equally strong withinsession correlations for N1-P2 amplitude and latency measures, while Sandman and Patterson (2000) noted stronger correlations for N1-P2 amplitude than for latency, and Kileny and Kripal (1987) noted no significant between-session test-retest differences between in N1-P2 amplitude measures or in latency values. Walhovd and Fjell (2002) reported moderate test-retest correlations for N1 and P2 amplitude and poor correlations for N1 and P2 latency, when both within-and between-sessions measures were examined. Finally, when examining N1 and/or P2 indices acquired during the mismatch negativity (MMN) protocol, both Pekkonen et al (1995) and Escera and Grau (1996) noted good replicability of the amplitude and latency values. Therefore, in those instances in the present study where good reliability of an EP index was noted (i.e., the N1-P2 amplitude), previous research generally supported this finding.
Implications for Clinical and Research Protocols
The present findings argue for increased awareness of the potential for CS effects on EP indices on the part of clinicians and researchers who work with late auditory EPs. The introduction of a CS during an electrophysiological procedure may affect one or more of the EP indices in such a way that an inaccurate clinical diagnosis or research conclusion may be rendered if the potential impact of the CS is not taken into consideration. This situation would appear to be more likely in the presence of an audiovisual distracter than in the presence of a visual distracter alone. Our inability to predict who will be affected by what CS, however, warrants caution with all subjects and patients when using this protocol. Additionally, since the present data were collected on only normal hearing young adults, the degree to which a CS would impact individuals with hearing or auditory pathology is unknown. Certainly there is reason to expect that CS effects will only become greater when dealing with the compromised central auditory system.
The converse of this scenario should also be considered, however. Although the effect of an audiovisual CS and, to a lesser extent, a visual CS on the EP indices needs to be considered, it may be the case that acquiring the N1-P2 under conditions of competition may be preferable to not acquiring it all. A CS is employed in clinical and research settings for a reason, namely to maintain the general attention of the subject during the electrophysiologic task so that responses can be acquired with minimal artifact. If one decides to remove a CS because of concern over its impact on the EP but then is unable to maintain a subject's cooperation with the electrophysiologic task, then the value of this decision must be questioned. Certainly the influence of the CS needs to be taken into account in test interpretation, but a more acceptable alternative may to be to better understand its effects and standardize its administration instead of removing it entirely.
Although the present study was a test of methodology, the protocol established could be used as a diagnostic measure of pathology if a between-groups differential (i.e., normal vs. central auditory processing disorder) is shown in future studies. The degree to which a patient's N1 and/or P2 characteristics are impacted by a CS may yield a sensitive and specific method of identifying central auditory pathology. Additionally, varying factors such as meaningfulness of a CS may further expand the clinical utility of this protocol. These potential applications, however, will need to be addressed in future studies before they are routinely used in clinical settings.
